In the present study we conducted a regression analysis of age at menarche against Maximum Peak Velocity (MPV) of height in non-athlete Korean girls which was derived with the wavelet interpolation method, and composed linear to quartic regression polynomials to obtain the best regression polynomial. We then applied the age at menarche and age at MPV of height of athletes to the best polynomial regression evaluation, and investigated the validity of a delayed menarche evaluation that we constructed. Moreover, the relation between delayed menarche and menstrual status was examined by investigating delayed menarche and menstrual pain in individuals for the first time. The subjects were 124 second year female students at a physical education high school in the suburbs of Pusan, South Korea. A questionnaire survey of these girls was conducted, from which their date of birth, age at menarche, and athletic activities in elementary, junior high, and high school were obtained. In addition, health check records were examined retrospectively, and longitudinal growth data for height were obtained from the 1st year of elementary school (7 years old) until the second year of high school (17 years old). Next, the same survey as above was also done for second year students at a general high school in the same area, as a control group. Three hundred forty-five non-athletes for whom all data were available were selected. As the results, the third order polynomial was found to be most suitable for the regression polynomial. When it was applied to individual female Korean athletes with respect to the regression evaluation, positive scores were obtained for many athletes and an overall delay in menarche was seen. Delayed menarche was not seen, however, in archery athletes. A strong delay in menarche was thus found in Korean athletes. And it was shown that 80% had moderate or greater menstrual pain and a close relation with menstrual abnormalities, the effectiveness of the delayed menarche evaluation was further validated.
Ⅰ.Introduction
Late menarche in female athletes has been reported by Malina 1) from menarche data on a large number of female Olympic athletes. Other reports by Malina et al. [2] [3] [4] [5] have also shown that menarache was late in female athletes, suggesting delayed menarche. In Japan, Yamakawa et al. 6) have also suggested that menarche is delayed in female athletes. Malina and Bouchard 7) explained delayed menarche in female athletes with reference to the critical weight hypothesis of Frisch and Revelle 8) and Frisch et al. 9) That hypothesis states that the mechanism for delayed menarche is that the levels of gonadotropin circulating in blood change as a result of the higher proportion of fat-free mass with respect to fat mass that results from heavy training. Yamakawa et al. 6) conjectured that there was an effect on hormone inhibition in the hypothalamus and pituitary gland from the stress of athletic training. However, Malina 10) also pointed out that female athletes have a tendency to mature late, and delayed menarche has not as yet been clearly demonstrated. To prove delayed menarche regardless of early or late maturation, it is necessary to establish criteria that objectively show delays in menarche. Fujii et al. 11) applied the age at maximum peak velocity of growth in height during puberty, which is not affected by training, in establishing these criteria. One problem was the method of specifying the age at maximum peak velocity of height during puberty. However, by specifying the age at maximum peak velocity (MPV) in height with the use of wavelet interpolation, Fujii 11) demonstrated delayed menarche from the interval between age at MPV of height and age at menarche. Then, by establishing delayed menarche judgments in individuals from regression analysis of age at menarche with respect to age at MPV of height, Fujii 12) developed a system to evaluate delayed menarche. After delayed menarche had been demonstrated, it was thought that its relation with menstrual irregularity and amenorrhea [13] [14] [15] [16] [17] could be clarified.
Fujii et al 18) applied the delayed menarche evaluation system to general Japanese females, and examined menstrual status after menarche and exercise status around the age of menarche in individuals who were judged to have delayed menarche. As a result, a close relationship between exercise status and delayed menarche could be derived, but this relationship was not implicated in menstrual status. These findings may be considered significant in terms of the relationship between delayed menarche and menstruation status after menarche and exercise status around the age of menarche, based on the delayed menarche eval- The effectiveness of building a delayed menarche evaluation is therefore advocated, and the warning to Asian female athletes' abnormal menstruation including the South Korean female athletes is to be sounded.
Ⅱ.Methods

A.Subjects
One hundred thirty female high school students in the Pusan region of South Korea, all of whom had participated in national sport competitions at the high school level (athletes group), were chosen as subjects. Consent was obtained for the in- and Mesaki et al. 21) , which is used internationally.
After consent from each subject had been obtained, we confirmed ages down to units of months in an interview (calculated to the first decimal place for each age). Height and weight were limited to those measured in May, and data in which the age at menarche could not be confirmed to the month were not used. Finally, 124 subjects for which data were complete were used for the anal- Height and weight were limited to those measured in May, and data in which the age at menarche could not be confirmed to the month were not used. Finally, 345 subjects for which data were complete were used for the analysis. The study was conducted after receiving approval from the research ethics committee (S-No1) at Chanwong National University.
B.Survey of menstrual status
In this study, menstrual status was taken to be indicated by menstrual pain, and menstrual status was understood from the level of pain during menstruation. A visual analogue scale (VAS) was adopted to objectively measure the severity of pain. The VAS followed the method proposed by Keele. 22) A 10 cm line was drawn on a piece of white paper with 1 cm increments. With the left end as no pain and the right side as intense pain, the subjects drew a mark at the place on the line that corresponded to the pain they were feeling at the moment. Scores were given in the range of 0-10, with higher scores indicating higher levels of menstrual pain.
C.Analytical techniques
To approximate the true growth curve from the supplied growth data with the wavelet interpolation method (WIM), the data are interpolated from the wavelet function of the data and a growth distance curve is drawn. This distance curve is differentiated to arrive at the growth velocity curve, and the growth distance value of the age at menarche and the puberty peak is examined. The WIM can sensitively read local phenomena, and has an extremely high level of approximation accuracy. The theoretical background and grounds for its efficacy have been described in previous reports [23] [24] [25] . The procedures based on the WIM were applied to height values from 7 to 17 years of age in the Korean female athlete and control groups. First, WIM was applied to the age distance value of height for each individual. Then, the age distance curves for height in both groups were differentiated, and the age at MPV of height (age at peak during puberty) from the velocity curve was specified through this process. In addition, the interval between age at menarche and age at MPV of height was calculated for each person.
D.Analytical procedures
1）First, the MPV of height as the index of maturity rate is derived by the WIM in athletes and control groups.
2）Then, the interval is calculated between the age at menarche and the age at MPV of height, the mean evaluation in five stages is constructed by the mean and standard deviation, and the mean value evaluation is applied to female athletes.
3) A regression analysis of the age at menarche for the age at MPV of height is executed, the polynomial from the first to the fourth order is constructed, and the validity of the optimal order is examined.
4) The regression evaluation of the age at menarche for the age at MPV of height is constructed from the best-order polynomial and applied to female athletes. If this evaluation method is applied to an athlete according to the given sport, a standard for delayed menarche can be derived. Fig 1, 2 shows the frequency distribution of evaluation score when the method was applied to female athletes. Therefore, the mean evaluation method clearly shows delayed menarche of Korean female athlete. The residual sum of the squares for this regression was computed to derive the validity of the primary polynomial (regression equations) as shown in Table 2 and Fig. 3 .
Example 2. Quadratic least-squares approximation
The least-squares approximation by the qua- The residual sum of squares for this regression was computed to derive the validity of the quadratic polynomial (regression equations) as shown in Table 2 and Fig. 4 .
Example 3. Cubic least-squares approximation
The least-squares approximation by the cubic polynomial was applied to the regression estimation of age at menarche and of MPV of height in the non-athlete group as shown in Example 1. y = -0.0045x 3 + 0.521x 2 −3.61x + 27.25 (y = age at menarche; x = age at MPV of height)
The residual sum of the squares for this regression was computed to derive the validity of the cubic polynomial (regression equations) as shown in Table 2 and Fig. 5 .
Example 4. quartic least-squares approximation
The least-squares approximation by the quaritic polynomial was applied to the regression estima- The residual sum of the squares for this regression was computed to derive the validity of the quartic polynomial (regression equations) as shown in Table 2 and Fig. 6 .
The validity of the cubic polynomial was the highest judging from the results of the residual sum of the squares and AIC in linear, quadratic, cubic and quartic least-square approximation polynomials. Moreover, the result did not change though judged from BIC. Therefore, the cubic polynomial regression can estimate age at menarche for age at MPV of height when evaluating delayed menarche.
Application of age at menarche for age at MPV of height to regression evaluation
The cubic polynomial regression graph of age at Table 1 Statistics of age at menarche, age at MPV of height, interval between age at menarche and at MPV of height in Korean sport athletes and control groups menarche for age at MPV of height was derived from control data as shown in Fig. 7 . The cubic regression equation (y = -0.0045x 3 + 0.521x 2 −3.61x + 27.25) is described by applying the standard error (=0.997) for this cubic polynomial fit. Since this cubic regression evaluation chart was applied to the athlete group (Fig 9) , the standard for evaluating delayed menarche may be as follows. When ＋1.5σ is exceeded, there is a delay. The interval between ＋1.5σ and ＋0.5σ indicates somewhat delay, and the regression line is the standard regression equation of age at menarche for age at MPV of height in the control group. The interval between ＋0.5σ and −0.5σ indicates the normal- Table 2 Least square approximation polynomial and residual sum of square, AIC and BIC Moreover, Table 3 showed the result of judging delayed menarche in each sports athletes. As shown in this Table 3 , the delayed menarche was clearly shown in almost athletes, but archery athletes could not be judged with delayed menarche.
As shown in Table 3 , especially though the taekwondo and track and field were clearly judged with delayed menarche, the archery was not shown as delayed menarche. Table 3 Result of delayed menarche judgment in each athletes Amenorrhea：Three gymnasts, one Taekwondo (Not include the above table) Table 4 Comparison between mean evaluation and regression evaluation applied to control and athletes groups
The χ 2 test between mean and regression evaluation showed significant difference (P<0.05) in control and athletes groups.
C. Comparison between mean value evaluation and regression evaluation
As shown in Table 4 and Fig. 1 
Ⅳ.Discussion
Delayed menarche in Korean female athletes can be verified by examining the interval between age at menarche and age at MPV of height using the WIM proposed by Fujii 25) . Of course, regular training just before and after the age at menarche could not be assumed as a factor. However, other studies 1, 21, [28] [29] [30] [31] [32] have identified regular training as an important factor in delayed menarche. Accordingly, a procedure was needed to demonstrate delayed menarche among female non-athletes as well as female athletes in Japan (Fujii 11) ). In the present study, we attempted to construct a delayed menarche evaluation system to establish criteria with which to judge delayed menarche in Korean female athletes.
A mean evaluation method was applied from the mean intervals between the age at menarche and the age at MPV of height as a criterion for delayed menarche, and the delayed menarche in individual female athletes was obtained from this evaluation method. As understood from this result, positive scores in the evaluation by this method indicate delayed menarche among female athletes.
Although delayed menarche can be determined to some extent by this mean method, important problems arise. That is why the interval between age at menarche and age at MPV of height changes according to the maturity rate as indicated by Fujii and Demura 19) . In other words, the interval increases with early maturity and decreases with later maturity. Therefore, dealing with this situation is virtually impossible by the mean evaluation method. The validity of the cubic regression evaluation is clearly shown from the comparison between mean value and regression evaluation in the result of this study.
Therefore, a regression analysis was applied to age at menarche against age at MPV of height as an evaluation that considers level of maturity.
When applying the regression analysis, age at MPV of height as the independent variable was also meaningful as an indicator of level of maturity.
It was therefore effective in enabling estimation of age at menarche with direct consideration of level of maturity. However, when trying to estimate age at menarche from only age at MPV of height, which is a variate independent variable, fundamentally a least squares method is applied to estimate the curvilinear regression. In such cases application of a least squares approximation polynomial with a higher order independent variable to increase the precision of the estimate is considered to be valid. In this study, least squares approximation polynomials up to the fourth order were constructed, and their accuracy was investigated.
Third order regression polynomials were found to be valid. From the above, a regression evaluation with a third order least squares approximation polynomial was constructed for age at menarche against age at MPV of height, and applied to athletes.
The educational system in Korea, unlike Japan's, has a separate special physical education course starting in junior high school, and the female athletes used in this study were students of a high school specializing in physical education. Moreover, they were national level athletes. The general female high school students were students of a regu- Additionally, while the Korean girls in this study share the same East Asian ancestry as Japanese girls, the interval between age at MPV of height and age at menarche is smaller than that reported by Fujii 12) for Japanese girls. This means that although the age at menarche is later than in Japanese girls, after the appearance of MPV of height menarche comes sooner than in Japanese girls. It may be inferred that this phenomenon affects the regression composition of age at MPV of height and age at menarche of Korean girls.
Therefore, in this study we applied the delayed menarche evaluation system using a third order regression polynomial to Korean athletes, and de-termined whether they had delayed menarche. 7) it may be that the proportion of fat-free mass against fat mass does not increase with archery, and changes in the blood circulating levels of gonadotropin are not seen.
However, considering the effects of the hormone inhibition in the hypothalamus and pituitary gland from stress caused by hard training that was described by Yamakawa et al 6) and Mesaki et al, 21) it is difficult to conclude whether the delay in menarche with sports other than archery is from the direct effects of decreased fat or from the effects of stress.
In this study a clear delay in menarche was also seen in various athletes from the delayed menarche evaluation chart, and the subsequent men- The delayed menarche evaluation in Korean female athletes in this study further advances the delayed menarche evaluation established by Fujii 12) in Japanese girls, and leads to a relation with menstrual status following delayed menarche. The present findings will be useful for resolving problems related to menstrual abnormalities in female athletes.
Ⅴ.Conclusion
In the present study, a third order polynomial regression analysis of age at menarche against age at MPV of height was valid in constructing a The demonstration of delayed menarche in Korean female athletes from the above suggests the validity of the delayed menarche evaluation.
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